ABSTRACT. To reveal the genetic diversity and phylogenetic relationships between Chinese donkey breeds, 415 individuals representing ten breeds were investigated using ten microsatellite markers. The observed number of alleles, mean effective number of alleles (N E ), mean expected heterozygosity (H E ), and polymorphic information content (PIC) of each breed and polymorphic locus were analyzed. The results showed that seven (HTG7, HTG10, AHT4, HTG6, HMS6, HMS3, and HMS7) of ten microsatellite loci were polymorphic. The mean PIC, H E , and N E of seven polymorphic loci for the ten donkey breeds were 0.7679, 0.8072, and 6.0275, respectively. These results suggest that domestic Chinese donkey breeds possess higher levels of genetic diversity and heterozygosity than foreign donkeys. A neighbor-joining tree based on Nei's standard genetic distance showed that there was close genetic distance among Xinjiang, Qingyang, Xiji, and Guanzhong donkey breeds. In addition, Mongolia and Dezhou donkey breeds were placed in the same category. The phylogenetic tree revealed that the genetic relationships between Chinese donkey breeds are consistent with their geographic distribution and breeding history.
INTRODUCTION
China has a long history of raising donkeys. There are more than 9 million donkeys distributed widely in China, accounting for about 22% of the total world population (Hou and Hou, 2002) . Based on their body size, 24 different donkey breeds in China can be classified into three types: large, middle, and small (Yang and Hong, 1989) . However, since the 1980s, the donkey population has been largely reduced and some breeds are at risk of extinction due to agricultural mechanization and economic development in China (Ma et al., 2002) . Therefore, the need to conserve this valuable genetic resource is urgent, and assessing the genetic diversity and relationships between and within donkey breeds is a critical step in this process.
Molecular markers, especially microsatellites, are effective tools used to evaluate genetic diversity and relationships within and between animal breeds. The identification of polymorphic markers will allow the levels of genetic variability and degree of inbreeding to be estimated, as well as parentage verification and the identification of the most heterozygous individuals in the population (Jordana et al., 2001) . Jordana et al. (2001) found that microsatellite loci are effective at revealing genetic variation among donkey breeds in the Catalonian region. Using 15 microsatellite markers to analyze the hierarchical genetic structure of five endangered Spanish donkey breeds, Aranguren-Méndez et al. (2002) revealed that four breeds with black coats from northern Spain form a closed cluster and supported the hypothesis of a common ancestral past from Equus asinus europeus. Using eight microsatellites, Ivankovic et al. (2002) revealed relatively high levels of heterozygosity in three donkey populations in the coastal region of Croatia. Previous studies have also found high levels of diversity within and between several breeds of Chinese donkey using microsatellites (Xie, 2004; Zhu and Su, 2011) ; however, the findings of these studies were not representative, as they did not incorporate all three types of donkeys.
This study aimed to investigate the degree of genetic diversity and relationships among 10 local donkey breeds, which represent all three types of Chinese domestic donkey, using 10 microsatellite markers. These 10 microsatellites have been shown to be effective markers in the study of genetic diversity of donkeys in previous studies (Jordana et al., 2001; Aranguren-Méndez et al., 2002; Ivankovic et al., 2002; Xie, 2004; Zhu and Su, 2011) .
MATERIAL AND METHODS

Sample collection and DNA extraction
A total of 415 individuals were collected from 10 Chinese indigenous donkey breeds (Table 1) , including three types of donkey: large (Guanzhong, Dezhou), medium (Qingyang, Biyang, and Jiami), and small (Mongolia, Gunsha, Xinjiang, Taihang, and Xiji). These breeds are generally distributed along the Yellow River region and represent the major genetic resources of Chinese donkey. Genomic DNA was isolated from peripheral blood using a standard phenol-chloroform protocol (Green and Sambrook, 2012) . 
Microsatellite marker genotyping
Ten microsatellite markers were used for genotyping (Table 2) . PCR amplifications were performed in 25-µL reactions containing 40 ng template DNA, 10 pM each primer, 12.5 µL 2X PCR mix buffer (0.75 U Taq DNA polymerase, 2X PCR buffer, 37.5 µM MgCl 2 , and 5 µM dNTPs) with the following conditions: initial denaturation at 95°C for 5 min, 36 cycles of denaturation at 94°C for 30 s, annealing at the optimal temperatures (Table 2) , and elongation at 72°C for 45 s, final extension at 72°C for 10 min, following which samples were held at 4°C. Afterward, 3-5 µL PCR products were electrophoresed in 10% native polyacrylamide gel at 120 V for 7-10 h. The gels were stained with silver nitrate and the fragment sizes were determined using a Kodak Digital Science ID Image Analysis Software System. 
Data analysis
Allele numbers, frequencies, mean expected heterozygosity (H E ) and mean effective number of alleles (N E ) for each marker were obtained in each breed using the POPGENE 1.32 software. Polymorphic information content (PIC) for each locus was calculated based on the research of Botstein et al. (1980) . Standard genetic distances (Ds) and Nei's standard genetic distances (D A ) were obtained based on allele frequencies, and a neighbor-joining tree based on D A was constructed, which was evaluated by bootstrap resampling of each locus (Nei, 1972) . Furthermore, total population heterozygosity (H T ), subpopulation heterozygosity (H S ), and an estimator of the degree of genetic differentiation (G ST = 1 -H S /H T ) were also obtained. All calculations were carried out using DISPAN package (Ota, 1993) .
RESULTS
Genetic variability of 10 donkey breeds at 10 microsatellite loci
Among the 10 microsatellite loci studied, seven (HTG7, HTG10, AHT4, HTG6, HMS6, HMS3, and HMS7) were polymorphic, while the remaining loci including (HMS1, HTG4, and HMS5) were monomorphic. As shown in Table 3 Observed number of alleles (N A ) and allele frequencies for each donkey breed were also obtained. A total of 80 alleles were observed for the seven polymorphic loci in 415 individuals. Different loci had significantly different N A . For instance, the maximum N A was 15, which was observed at the AHT4 locus. In contrast, only six alleles were observed for the HMS7 locus. A total of 29 common alleles were found within the polymorphic loci, which were present in all ten breeds (Table 4) .
H T , H S , and G ST are shown in Table 5 . The G ST, H T, and H S for the seven polymorphic loci were 0.0154-0.0496, 0.5975-0.8965, and 0.5883-0.8707, respectively. The mean G ST of seven loci was estimated to be 0.0341, which indicated that there was high genetic variability among these 10 donkey breeds. 
estimator of the degree of genetic differentiation); H T = total population heterozygosity; H S = subpopulation heterozygosity.
Genetic relationship among ten donkey breeds
Genetic distance can reflect the genetic variation and differentiation for different breeds. D A and D S between donkey breeds are shown in Table 6 . These revealed that the genetic distance between Guanzhong donkey (GZ) and Biyang donkey (BY) (0.0179) and Qingyang donkey (QY) and XJ (0.0013) were smaller than 0.02, which indicated that GZ and BY, QY, and XJ had close genetic relationships. However, the furthest genetic distance was found between QY and DZ (0.2004) indicating that they had a more distant genetic relationship. The neighbor-joining tree based on D A showed that all 10 donkey breeds could be clustered into two groups (Figure 1) . Furthermore, the first group could be divided into two branches. The first branch included the Xiji (GY) and Gunsha donkeys, which clustered with JM and GZ donkeys. In the second branch, QY and XJ donkeys clustered first, followed by the BY donkey onto the same branch. In contrast, the DZ, Mongolia and Taihang donkeys were 
DISCUSSION
In this study, we investigated polymorphisms at 10 microsatellite loci in 415 Chinese donkeys from 10 different breeds. Of those microsatellite loci, seven (HTG7, HTG10, AHT4, HTG6, HMS6, HMS3, and HMS7) were found to be highly polymorphic (PIC > 0.5), while three (HMS1, HTG4, and HMS5) were monomorphic. These results indicate that the Chinese domestic donkey possesses rich genetic diversity, and that the seven polymorphic microsatellite loci identified in this study are effective markers to analyze the genetic diversity and phylogenetic relationships between different donkey breeds.
Among the 10 microsatellites investigated in this study, the PIC of HTG4 and HMS5 were found to be 0.40 and 0.53 in five endangered Spanish donkey breeds, respectively, while both were monomorphic in Chinese donkey breeds (Aranguren-Méndez et al., 2002) . In contrast, the locus HMS1 was found to be monomorphic in both Chinese and Spanish donkeys (Aranguren-Méndez et al., 2002) . Generally, the Chinese donkey shows relatively higher genetic diversity than the Spanish donkey at the seven polymorphic loci investigated in the current study. In addition, the Chinese donkey population (0.8072) showed a relatively higher H E than donkey populations (0.64) in the Croatian coastal region (Ivankovic et al., 2002) . A previous study investigated polymorphisms of 24 microsatellite loci in eight Chinese donkey breeds representing large and medium-sized Chinese donkeys (Zhu and Su, 2011) , and revealed a mean PIC of 0.6940, which is relatively lower than that found for the donkey populations in the present study. Based on these results, we can conclude that the Chinese donkey possesses higher genetic diversity than donkeys from Spain and the Croatian coastal region.
The donkey is thought to have been imported into the Xinjiang region in China, from where it spread to the other regions of China via the Silk Road (Lei et al., 2007) . Based on the neighbor-joining tree constructed using D A , we found that there was a small genetic difference between XJ, QY, GY, and GZ donkeys, which indicates that they are closely related. These results can be explained by the fact that these donkey breeds are raised in Northwestern China where they are found in relatively close geographical locations. Therefore, the genetic relationships between donkey breeds are consistent with their geographical distribution.
The current study aimed to provide insight into the genetic relationships and diversity between Chinese donkey breeds, which will offer a valuable reference for rational strategies in donkey conservation and breeding programs.
